Throe analogues each of leucine and isolaucine carrying hydroxy groups in Y-or 6-or y-and 6-position have been synthesized, and tested in the aminoacylation by leucyl-tRNA synthetases from E. coll and yeast. Hydrolytic proofreading, as proposed in the chemical proofreading model, of these analogues and of homocysteine should result in a lactonisation of these compounds and therefore provide information regarding the proofreading mechanism of the two leucyl-tRNA synthetases.
INTRODUCTION
The selection of amino acids during protein biosynthesis has to be extremely accurate in order to maintain the overall accuracy of "V3 mistakes 4 in 10 amino acids incorporated (1) (2) (3) (4) . The selection of the correct amino acid takes place during the aminoacylation of tRNAs by the aminoacyl-tRNA synthetases (5, 6) . The aminoacylation is a two-step reaction, divided in activation of the amino acid by ATP to form an aminoacyl-adenylate (assayed by the reverse reaction,the ATP/PP. pyrophoaphate exchange) and in transfer of the aminoacyl residue to the corresponding tRNA (assayed by incorporation) of labelled amino acid. In soma cases like histidine (7), tryptophane (8) or cysteine (9) the selection is easy since the amino acid is so different from its competitors that 4 the initial discrimination of substrates is better than i>l x 10 . In other cases such as the rejection of valine by the isoleucyl-tRNA synthetase (10) (11) (12) (13) (14) or of tyrosine by the phenylalanyl-tRNA synthetase (15, 16 ) the differences in binding energy between the incorrect and the correct substrate are too low for sufficiently accurate selection. The accuracy of aminoacylation can only be maintained by proofreading mechanisms acting either at the level of the aminoacyl-adenylate (3, 4, 17, 18) , called pre-tranafer proofreading, or at the level of the misaminoacylated tRNA (3, 4, (19) (20) (21) , called post-transfer proofreading. These phenomena are subject of several models (4, 18) . The "chemical proofreading" model (16, 20) , based on the miBaminoacylation of yeast tRNA -C-C-3'dA by valine, postulated that the nonaccepting hydroxy group of the terminal ribose of tRNA serves as a general base for the "activation" of the hydrolysing water molecule (Fig. 1) (Fig. 1) ; the water molecule might be activated directly by the hydroxy group of the threonine.
In the present study we examine the activation, transfer and proofreading of six different leucine and lsoleucine hydroxy analogues and homocysteine by the leucyl-tRNA synthetases from baker's yeast and E. coli. The approach is based on the idea of an "activated" water molecule in the chemical proofreading model which could be simulated by the hydroxy and thiol groups of the amino acid analogues and their ability to form stable lactones which can easily be detected; lactone formation from homocysteine by two other synthetases has already been reported (23) .
EXPERIMENTAL PROCEDURES
The preparation of the amino acid analogues is described elsewhere (24) .
[ C] Leucine of specific activity 336 mci/mmol, [ C]ATP of specific activity 55 mCi/mmol, [ P]pyrophosphate of specific activity 11.3 mCi/mrool were purchased from Amersham International (Amersham, England). Homocysteine was purchased from Merck (Darmstadt, FRG). All buffer substances were of ultrapure grade.
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Yeast tRNA was isolated by the procedure of Schneider et al. (25) from unfractionated baker's yeast tRNA (Boehringer, Mannheim, FRG) to a leucine acceptance of 1420 pmol/A_ tn unit. E. coli tRNA was purified from unfractionated E. coll tRNA (Boehringer, Mannheim, FRG) to a leucine acceptance of 500 pmol/A. unit by the procedure of Nishimura et al. (26) and then applied to HPLC using derivatized reverse-phase material (27) (20, 36) , and (middle) of threonine esterified to tRNA exhibiting a hydrolytic proofreading without participation of the ribose 3' OH group (22) , and (right) of y-hydroxyleucine esterified to tRHA and of the mechanism possibly explaining lactone formation (-BI designs basic residue of the enzyme). Below: Structural formulae of the nine amino acids used in this work.
derivatives listed in Table 1 show that the E. coli enzyme has a considerably higher specificity towards the noncognate analogues than the yeast synthetase, only Y-hydroxyleucine and homocysteine are not discriminated. (16, 19, 21) suggesting that the aminoacyl residue is transferred to tRNA prior to hydrolysis. However, ao noted for the valyl-tHNA synthetases from lupin seeds and E. coli the enzymes catalyse an appreciable AMP formation in the absence of tRNA (31, 35) .
The AMP formation by isoleucyl-tRNA synthetase from E. coli in the presence of cysteine or homocysteine is even greater in the absence of tRNA (31) . The influence of tRNA on the AMP formation by leucyl-tRNA synthetase from yeast and E. coli during tha activation of the analogues is summarised in Table 1 Preparative aminoacylation of E. coli tRNA with homocysteine and enzymatic hydrolysis of homocysteinyl-tRNA Misaminoacylated tRNAs olowly hydrolyze spontaneously but can also be hydrolyzed enzymatically in a proofreading event. To trace both processes, preparatively aminoacylated tRNAs have to be subjected to these processes.
Homocysteinyl-tRNA can be prepared enzymatically since the proofreading capacity of E. coli leucyl-tRNA synthetase is not high enough to prevent the release of homocystelnyl-tRNA U from the tRNA-enzyme complex. HomocysteinylLeu tRNA was isolated by anionlc exchange chromatography and HPLC on derivatized reversed phase material. The isolated homocysteinyl-tRNA U is enzymatically hydrolysed with a t. of 14 minutes whereas spontaneous hydrolysis needs more than 4 hours to reach the same extent (data not shown). This is a strong evidence for the action of a post-transfer enzyme-catalysed proofreading (20, 36) .
DISCUSSION
The accuracy of aminoacylation of many tRNAs is only achieved by enzyme catalysed proofreading mechanisms effecting hydrolysis of noncognate products.
These mechanisms can take place either on the level of the aminoacyl-adenylate, pre-transfer proofreading (17, 18) or on the level of the misaminoacylated tRNA, pOBt-transfer proofreading (19, 20) . Our examinations show that the leucyl-tRNA synthetases from E. coli and yeast uae different ways to maintain the high accuracy of aminoacylation.
The yeast enzyme has a relatively poor initial substrate discrimination, all hydroxy analogues with tha exception of Y»'5-dihydroxyleucine are activated although they are bulkier than the cognate substrate. The AMP formation in the absence of tRNA strongly suggests that pre-transfer hydrolysis is the main proofreading event although the stimulation by tRNA (up to 5-fold) might indicate a sequential combination of pre-and post-transfer proofreading as mentioned by Tsui and Fersht (37) for the rejection of serine by alanyl-tRNA synthetase from E. coli. In this case the post-transfer hydrolysis must be very fast because no misaminoacylated tRNA can be detected using backtitration. The proofreading is effective enough to destroy all activated and transfered analogues before misaminoacylated tRNA is released from the tRNA-enzyme complex.
The E. coli leucyl-tRNA synthetase exhibits a much better initial substrate discrimination regarding tha analogues. Only two analogues are activated; AMP formation occurs only in the presence of tRNA favouring the idea of transfer of the aminoacyl residues to tRNA prior to hydrolysis. The fact that aminoacylation, using back titration, is detectable for Y-hydroxyleucine and homocysteine is evidence for action of a post-transfer mechanism.
The post-transfer proofreading capacity of the E. coli enzyme is however not effective enough to destroy all misaminoacylated tRNA molecules, some are released from the tRNA-enzyme complex.
Similar results are reported for the phenylalanyl-tRNA synthetases from different organisms, where better initial substrate recognition and less elaborate proofreading for the E. coli enzyme were compared to the less specific substrate discrimination and the more efficient proofreading of eukaryotic synthetases (33) .
The chemical proofreading model -as established from the yeast isoleucine system -postulates participation of the 3' OH group and an "activated"
wator molecule for tha mechanism of post-transfer hydrolysis (compare Fig. 1 left). The fast enzymatic proofreading of threonlne by valyl-tRNA synthetase from yeast, however, is dependent on the B-hydroxy group of threonine and independent of the terminal 3' hydroxy group of the tRNA (22) whereas threonine analogues like O-methylthreonine are very slowly hydrolysed by the enzyme and only in presence of tha intact tRNA terminus (22) . The hydroxy analogues used in this study are able to form 5-or 6-membered lactone rings. However, there is no lactone formation by the yeast enzyme detectable whereas the E. coli enzyme exhibits post-transfer hydrolysis of homocysteine and y-hydroxyleuclne and in both cases the corresponding lactones could be detected.
The lactonisation is absolutely enzyme dependent and occurs on the level of the misaminoacylated tRNA, different to the pre-transfer hydrolysis of homocysteine by valyl-and methionyl-tRNA synthetaBes from E. coli (23).
In conclusion, the leucyl-tRNA synthetases from E. coli and yeast act by different ways two achieve the necessary accuracy of protein biosynthesis. 
